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(57) ABSTRACT

This 1nvention concerns an intraocular artificial lens with
variable optical power which lens 1s comprised of two optical
clements which can be shifted relatively to each other 1n a
direction perpendicular to the optical axis wherein the optical
clements have such a shape that they exhibit, 1n combination,
different optical powers at different relative positions and
positioning means for positioning the optical elements in the
eye and driving means for at least one of the optical elements
to execute a movement relative to the other optical element
and whereby the positioning means provide for forcing the
optical elements to a resting position.

1 Claim, 4 Drawing Sheets
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CONSTRUCTION OF AN INTRAOCULAR
ARTIFICIAL LENS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention concerns an intraocular artificial lens with
variable optical power comprising two optical elements
mutually shiftable in a direction perpendicular to the optical
ax1s wherein the optical elements have such a shape that they
exhibit, in combination, different optical powers at different
relative positions and comprising positioning means for posi-
tioming the optical elements 1n the eye and driving means for
driving at least one of the optical elements to execute a move-
ment relative to the other optical element.

2. Description of the Prior Art

Such a intraocular lens has been also described 1n the Dutch
patent application 1025622.

The ciliary body of the eye of which the ciliary muscle
forms a part 1s positioned just behind the ir1s and 1n front of the
vitreous body of the eye. In the resting position the ciliary
muscle has a relative large diameter and when contracting it
contracts to a muscle with a smaller diameter. This muscle
drives the accommodative function. The capsular bag 1s posi-
tioned within the ciliary muscle and the natural flexible lens
of the eye 1s positioned 1n the capsular bag. The capsular bag
1s connected to the ciliary muscle by zonulea extending sub-
stantially radially.

The natural accommodation of the eye with a natural lens
occurs as follows. During distant viewing the ciliary muscle 1s
relaxed and has a relatively large diameter. Thus a pulling
force 1s applied on the zonulae stretching the capsular bag
resulting 1n a relatively flat lens. The natural state of the ciliary
muscle results in distant viewing. The ciliary muscle con-
tracts at distant viewing resulting 1in a smaller diameter. The
zonulae relax and the natural lens resumes its natural more
concave shape.

SUMMARY OF THE INVENTION

The present patent application describes the principle of

application of two optical elements which are mutually shift-
able 1 a direction perpendicular to the optical axis in an
intraocular artificial lens. The application covers several basic
measures for positioning, fixating and driving of such an

intraocular artificial lens 1n the capsular bag after the natural
lens has been removed. The optical elements can be moved
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relative to each other, driven by the natural ciliary muscle of 50

the eye to obtain an accommodative function.

The aim of the mvention 1s to provide an 1ntraocular arti-
ficial lens wherein the natural accommodative functionality
of the eye 1s approached as far as possible.

The aim 1s achieved in that the positioning means are
adapted to urge the optical elements to a resting position .
Thus a structure 1s created, just as with the natural lens, 1n
which the intraocular artificial lens construction as a whole
resumes 1ts resting position in the absence of external force
applied to 1t.

According to the first embodiment the optical elements are
adapted to resume 1n a resting position with the optical power
for viewing at close distance. This 1s the most common situ-
ation 1n our present society looking at a close distance for to
reading or looking at a computer screen for instance.

In an alternative embodiment the optical elements are
adapted to resume a resting position with an optical power for

55

60

65

2

distant viewing. In this embodiment the elements are shitted
away from the resting position at accommodation for close
distant viewing.

Both embodiments utilize a structure for driving the artifi-
cial lens with some similarity to the driving mechanism of the
natural eye lens.

Another embodiment provides the measure that the posi-
tioning means nclude stopping means active 1n at least one
position. These stopping means can be situated at positions
constructively attractive around the intraocular lens. The
stopping means may be situated such that the elements are
active at both ends of the working range so that they serve to
define the area over which the optical elements can move.

Yet another embodiment provides the measure that the
positioning means are adapted to urge the outer rim of cap-
sular bag outwards and bring the rim 1n mechanical contact
with the ciliary muscle. The capsular bag 1s, indirectly, con-
nected to the ciliary muscle by flexible support ribbons
extending in a radial direction. This measure connects the rim
of the capsular bag to the ciliary muscle so that the move-
ments of the ciliary muscle are directly transierred to the
those of the optical elements so that a more direct coupling 1s
obtained.

Another preferred embodiment provides the measure that
the optical elements form a lens with the weakest optical
dioptre power 1n their most overlapping position and a lens
with the strongest dioptre optical power in their least over-
lapping position. This avoids the situation that at a large
opening of the iris the quality of the viewing 1s impeded by
glare.

An alternative embodiment provides the measure that the
optical elements form a lens with the strongest dioptre optical
power 1n their most overlapping position and a lens with the
weakest dioptre optical power 1n their least overlapping posi-
tion. This embodiment has a reduced size in the eye with
certain designs of an artificial lens construction 1n the eye.

A next embodiment provides the measure that the position-
ing means are adapted to adjust the resting position of the
optical elements after implantation 1n the capsular bag. The
artificial lens 1s implanted during a surgical procedure. Often
there 1s a need for some adjustability of the positioning means
because the situation 1n the eye can not be determined pre-
cisely beforehand. Herewith it 1s possible to adjust the posi-
tioning means during the surgery according to the situation
found. However, it 1s also possible to make the adjustment
later, for example when the user has gained a few weeks of
experience with the artificial intraocular lens. Aberrations
observed during this period may then be corrected.

It 1s attractive to implement this embodiment by including
a element 1n the positioning means of which a size 1s adjust-
able. This adjustability 1s obtained by including two compo-
nents 1n the element which are mutually connectable 1n vari-
ous positions, for example by providing one of the
components of engageable patterns and to provide the other
clement of engagement means adapted to engage the patterns
at different positions. It 1s also possible to utilize an element
of which the length can be varied by an external factor. An
example thereof 1s formed by an element made of a certain
polymer which undergoes a further polymerisation through
supply of energy and which changes 1ts length during this
turther polymerisation. Another example 1s the application of
so called memory metals which can permanently change their
shape due to added energy, 1n the present application prefer-
ably laser light. An element with such a shape can be designed
that 1t can change its length when changing 1ts shape.

A first relatively simple embodiment provides the measure
that the driving means include four levers of which the first
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pair 1s connected with the side of one of the optical elements
en the second pair 1s connected with the other side of the other
optical element and 1n which one of the levers of each pair 1s
connected with a first part of the capsular bag moving 1n
tandem with the ciliary muscle and both other levers of each
pair are connected with a second moving part which moving
in tandem with the ciliary muscle and which 1s situated oppo-
site to the first part.

An alternative embodiment provides the measure that the
driving means comprise a mainly rigid connecting element
which 1s connected at one side with the optical element and
which 1s adapted to be connected at the other side with a part
of the capsular bag which moves 1n tandem with the ciliary
muscle. This measure also provides a relatively simple con-
struction which, 1n addition, provides a more direct coupling
between the movement of the part of the capsular bag con-
nected to the ciliary muscle and said optical element.

It 1s clearly also possible to make the rigid connection
clement so rigid that the whole component has a transmission
function, so that no additional guiding means are necessary.
This makes the rigid component overly bulky. An attractive
way to prevent this 1s to connect the optical elements at the
opposite side by a connecting component to the capsular bag.

Such a connecting component can have the configuration
of a sliding construction or a hinging construction. It 1s pret-
erable to have the positioning means comprise a flexible
connecting element which 1s situated at the side opposite the
rigid connecting element, which 1s connected to the optical
clement and which 1s designed such that that 1t can be con-
nected with the rim of the capsular bag which moves in
tandem with the ciliary muscle. Hence a supporting compo-
nent 1s obtained which 1s light in weight which enables a very
simple and effective construction.

As mentioned above, the invention requires the presence of
a connection between the connecting components and the
part of the capsular bag which moves 1n tandem with the
ciliary muscle. To establish such a connection the rigid and
flexible components have anchors, also known as “haptics” at
the side opposite to the side at which the components are
attached to the optical element which anchors allow a con-
nection with the part of the capsular bag moving 1n tandem
with the ciliary muscle. These anchors can be an 1ntegrated
part of the rigid or flexible connecting components.

An 1ntraocular lens must be implanted during a surgical
procedure. This implies that during implantation the ciliary
muscle 1s relaxed. The intraocular lens according to the first
embodiment will-—as a result of the positioming means which
urge the construction to a resting position—be 1n the resting,
position. Then the intraocular lens has 1ts highest optical
power and the driving means are contracted. During the
implantation of the intra ocular artificial lens there might be
insuificient connection between the rigid and flexible con-
necting components, the anchors and the rim of the capsular
bag which moves in tandem with the ciliary muscle. Such a
connection 1s required to connect the connecting components
and the part of the capsular bag which moving in tandem with
the ciliary muscle to enable proper functioning of the accom-
modating intraocular lens. To provide such a contact a further
embodiment provides for the feature that the intraocular lens
comprises fixation elements which are active for a limited
period and which enable contact between the rigid and flex-
ible connecting components and the part of the capsular bag
which moves 1n tandem with the ciliary muscle. These fixa-
tion elements connect the rigid and flexible connecting com-
ponents and the part of the capsular moving 1n tandem with
the capsular bag so that these parts are offered the possibility
to grow together.
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The measure above requires that the accommodative func-
tion 1s not blocked after the limited period during which the
permanent connection grows. Therefore a further embodi-
ment provides the measure that the fixating elements are
made from a material dissolvable 1n the liquids present in the
eye. It 1s assumed that the dissolution process takes a time
suificiently long to allow growing together of the connecting
components and the part of the capsular bag which moves 1n
tandem with the ciliary muscle.

In yet another embodiment a €(2-shaped structure 1s
included 1n each of the flexible connecting components. This
(2-shaped structure can be simply manufactured by a milling
or moulding procedure and it has been shown 1n calculations
that this shape 1s well suited because of a favourable distri-
bution of mechanical tensions. This 1s important because of
tiring o the materials has to be prevented as much as possible.

A pretfered embodiment of the invention includes stopping
means. The €2-shaped structures described above offers the

option to implement these stopping means as stopping shoul-
ders provided i these €2-shaped structures. This 1s a simple
measure for inclusion of stopping shoulders.

In an alternative construction the flexibility 1s obtained by
the measure that the tlexible connecting components include
a longitudinal component extending substantially perpen-
dicular to the direction of movement of the optical elements,
connected at both ends to the anchor and which 1s connected
to the optical element at an intermediate position. Such con-
figuration appears to have attractive mechanical properties.

Modern technology and materials offer possibilities to
manufacture a thin intraocular lens according to the mven-
tion. However, this leads to the problem that the lens may
become overly flabby and optical surfaces may be deformed
by forces exerted to 1t during the accommodative process.
This will lead to deterioration of the optical quality of the lens
resulting from the optical elements. This can be prevented by
the measure to provide enforcing elements extending around
the rim of the optical elements by which the elements will
obtain the required rigidity.

Moderm attachment technology offers the possibility that
the enforced rim 1s manufactured from a different material
compared to the material from which the optical elements are
made. This offers the measure to choose materials with opti-
mal specifications to match the specific requirements.

The capsular bag into which the optical elements are
inserted may contact the optical and stick or tack to them or
even grow together. This may affect the functioning of the
accommodative function of the intraocular lens. To prevent
this the anchors are fitted with spacer components extending
in the direction of the optical axis and which keep the front
side and back side of the capsular bag apart from the optical
clements.

A specific embodiment offers the measure that the anchors
have such a shape that they elastically adapt to changes in the
diameter of the capsular bag. The capsular bag 1s a dynamic
umit; 1t changes its shape and diameter as a consequence of the
conditions of contraction or relaxation of the ciliary muscle.

The principle of this invention requires use of at least two
optical elements. It has appeared to the mmventor that these
clements can be 1dentical. This leads to enormous advantages
from a manufacturing standpoint. It must be noted that this
teature does not only refer to the optical elements but also to
the to the components connected to the optical elements.

Clearly the two elements must be positioned rotated over
two different axes. The optical elements can also have difier-
ent shapes or the accommodative function of one of the opti-
cal elements can be superimposed on a lens of a fixed optical
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power which corrects the basic refraction of the eye. Then
different optical element result.

The flexible connectors and anchors and the rigid connec-
tors and anchors can be manufactured from the same material.
This feature offers the opportunity to produce al these com-
ponents by the same manufacturing process such as by lathing
and milling or by molding.

It 1s possible to manufacture the optical elements and the
other components from different materials so that the choice
of materials can be optimized for each function.

It can be attractive, also 1n dependence of the chosen mate-
rials, to manufacture the elements separately to be connected
later. This embodiment concerns also a method of manufac-
turing an intraocular artificial lens comprising at least two
optical elements and means for positioning for positioning
the optical elements in the capsular bag wherein both the
optical elements are connected prior to implantation of the
artificial lens in the capsular bag.

It 1s attractive that at least one of the connections between
the optical elements, the flexible and rigid connectors and the
anchors 1s obtained by a mechanical form {itting connection.
Such a connection can be made simply and without the appli-
cation of additional means.

This embodiment concerns also a method for the manufac-
turing an intraocular artificial lens comprising least two opti-
cal elements and positioning means to position the optical
clements in the capsular bag wherein the optical elements are
connected to the positioning means during surgery wherein
the 1intraocular lens 1s positioned into the capsular bag.

It 1s also possible that at least one of the connections
between the optical elements, the flexible and rigid connec-
tion components and the anchors comprises glued connec-
tion. The type of glue has to be selected carefully as not to
alfect the functionality of the lens.

An exceptional attractive embodiment 1s obtained when at
least one of the connections between the optical elements, the
flexible and ngid connection components and the anchors 1s
obtained by repeated polymerization of the materials.

Another option 1s that at least one of the connections
between the optical elements, the tlexible and rigid connec-
tion components and the anchors 1s obtained by a welded
connection. Laser and ultrasonic technologies are examples
of such welding technologies.

It 1s also possible that at least one of the connections
between the optical elements, the tlexible connecting compo-
nents and the rigid connecting components and the anchors 1s
formed by a moulded connection. It 1s possible to use the
same or to use different materials for the various elements and
components.

When form fitting connections are applied the connections
should be preferably possible at various relative positions.
This offers the opportunity to vary the relative position of the
optical elements and the option to adapt the optical specifi-
cation to the condition of the wearer. Such a process can take
place during implantation of the intraocular artificial lens.
This mvention concerns also the working method where dur-
ing implantation the size of the capsular bag 1s determined
and where the optical elements with the positioning means
are connected according to said measurement.

After implantation the anchors have to be fixated to the part
of the capsular bag that moves 1n tandem with the ciliary
muscle. It 1s assumed that the anchors grow together with the
tissue of the capsular bag. It 1s an option to provide the
anchors with a roughened or corrugated surface to stimulate
this growing process. The term roughened and corrugated
include extensions with other shapes or other surface area
increasing patterns.
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Additionally 1t should be pointed out that for the applica-
tion of the features of the present invention the optical ele-
ments must be moved over a certain distance to create sudfi-
cient difference in optical power between the end postions. It
could be the case that the change in internal diameter of the
ciliary muscle 1s msuificient for the application of this mven-
tion.

This can be solved 1n principle by application of a lever
system which converts small movements of the ciliary muscle
into a large movement of the optical elements.

It 1s also possible to utilize other forms of added energy
such as micro-machines which are included m the blood-
stream or which react to electric potentials or to the ciliary
muscle or to movements of the eyelid. The ciliary muscle or
the direction of vision as represented by the position of the
eyeball or the ir1s can be utilized to control of the movements
of the optical elements. Other sources of information for the
control or for energy, such as energy to drive the system such
as energy from light are not excluded.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be 1llustrated by the accompa-
nying figures showing;:

FIG. 1: A perspective diagram for explanation of the
present invention;

FIG. 2: A plan view of an optical element of an intraocular
artificial lens according to the first embodiment;

FIG. 3: A planar view comparable to FIG. 2 from the
second embodiment;

FIG. 4: A a side elevational view parallel to the optical axis
of an intraocular artificial lens according to another embodi-
ment;

FIG. 5: A perspective view of another embodiment of an
intraocular artificial lens 1n yet another embodiment of the
imnvention;

FIG. 6: A planar view of a further embodiment of an
intraocular artificial lens according to the present invention;
and

FIG. 7. A planar view of a specific embodiment of the
invention.

(L]
=]

ERRED

DETAILED DESCRIPTION OF THE PR
EMBODIMENTS

FIG. 1 shows a perspective diagram of the intraocular
artificial lens according to the mvention wherein the lens 1s
designated with a 1 as a whole. The lens comprises two
optical elements 2, 3 both positioned 1n the optical axis 4 of
the lens. The optical characteristics of the lens 1 change with
a mutual shift of the optical elements. The optical elements 2,
3 are separated. The elements may contact from an optics
standpoint, but touch 1s less attractive from a biological stand-
point in relation to deposits on the optical elements and pos-
sible tack.

The upper (anterior or posterior) optical element 2 1s
comiected to anchor 6 by a rigid connecting component 5 to
attach the intraocular artificial lens in the capsular bag, the
natural cavity in the eye for the lens. The lower (posterior or
anterior) optical element 3 1s connected to anchor 8 by arigid
connecting component 7. The anchors 6, 8 extend in opposite
positions and they are adapted for attachment to the part of the
capsular bag which moves 1n tandem with the ciliary muscle.

The optical element 2 1s connected by the flexible connect-
ing component 9 to the anchor 10 at the side opposite to the
rigid connecting element. Also, the optical element 3 15 con-
nected by a flexible connecting component 11 to the anchor
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12 at the side opposite to the rigid connecting element. The
anchors 10 and 12 serve similarly to anchors 6 and 8 for
support of optical elements 2, respectively 3. The tlexibility of
the flexible connecting components 9, 11 allows movement of
the optical elements 2,3. The upper optical elements 2 will
move 1n tandem with the movements of anchor 6 and with the
movements of the part of the capsular bag connected thereto
which moves 1n tandem with the ciliary muscle as a conse-
quence of this configuration. Similarly, the optical element 3
will move in tandem with anchor 8. The optical elements will
show a mutual linear movement according to this configura-
tion. It 1s also possible to construct the connecting compo-
nents 1n such a way that the optical elements will show a
mutual rotating or composed movement. The centre of rota-
tion may be situated outside of the optical elements in case of
a design for rotational movements.

The pair of anchors 6, 12 can be connected and the pair and
8.10 can be connected in various ways. However, 1t 1s an
option to leave the pairs disconnected. However, all anchors
must be attached to the capsular bag.

The anchors 6, 8, 10, 12 have been fitted with an extension
13 to create a spacing between the capsular bag and the
optical elements.

At last 1t 1s pointed out that this figure 1s a schematic
representation and 1s mtended to illustrate the various ele-
ments, their relative positions and their functions. The shape
of the various elements can, and will 1n most cases, deviate
significantly.

FIG. 2 shows the construction of optical element 2 and the
thereto attached components more in detail. This concerns in
particular the flexible connecting component 9 which 1s fitted
with the €2-shaped component 15. The configuration of the
(2-shaped component provides a certain degree of tlexibility.
Other shapes such as screw shapes and spiral shapes are not
excluded although 1t has been shown that the ¢2-shaped com-
ponent has advantages related to the prevention of the con-
centration of mechanical stress. The flexible element 9 1s also
fitted with two stopping elements 16 respectively 17 which
define the resting position of the optical elements 2 and 3, but
other configurations are not excluded.

Another variation 1s 1llustrated 1n FIG. 3, in which, rather
than the £2-shaped component 15, two of such configurations
15A and 15B, both positioned 1n the same plane, are applied.
In this configuration possible sidelong forces are compen-
sated so that only forces acting lengthwise along the flexible
connecting component remain.

A variation 1n which the optical elements 2, 3 are made so
thin that the elements have imnsuificient rigidity is illustrated in
FIG. 4. The optical elements 2,3 are both fitted with a thick-
ened support 18 along the rnim to prevent non-defined posi-
tions. Also, the loop of the £2-shaped component extends 1nto
a plane parallel to the optical axis. It 1s also then possible to
apply two loops situated 1n the same plane.

An alternative approach for the suspension of the optical
clements 1s illustrated 1n FIG. 5. The ciliary muscle moves
two diagonally and oppositionally situated anchors 20, 21
connected by four levers 22, 23, 24, 25 which are positioned
in the shape of a lozenge. Hinges are included between each
ol the levers and the anchors and between levers 22 23 and
bewteen levers 24,25, The last hinges are also connected to
optical element 2, respectively 3. Movement of anchors 20
and 21 will result 1n mutual movement of optical elements 2
and 3. No flexible elements are included 1n this embodiment
when compared to the preferred embodiment. However, stop-
ping shoulders 26, 27 can be included to define the resting,
position. Additional stopping shoulders can be included to
define the position at the other extreme of the movement.
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An option for the connection between the optical elements
and the ngid connecting component 1s shown 1n detail in FIG.
6. Herein an adjustment or adaptation between both elements
2 respectively 9 1s possible. The rigid connecting component
includes a number of notches 28 which have been adapted to
engage a number of protuberances 29 attached to the optical
clement. It 1s possible to connect the optical element with the
rigid connecting component at a various mutual positions
through a larger number of notches. This measure enables
adaptation of the mutual position of both optical elements 1n
the resting position and so the optical power at the resting
position. This measure provides the option to perform this
adaptation 1n a later stage, for example during the surgery for
the positioning of the lens.

An alternative configuration of a flexible connecting com-
ponent and the connected anchor 1s provided 1n FIG. 7, 1n
which only one optical element 1s presented. The connecting
component includes an oblong component 30 which 1s posi-
tioned transversely to the axis of movement of the optical
clements. This oblong connecting component 30 1s at 1ts
extremities connected to connecting parts 31, 32 to anchor 12
and connected by a bridge 33 to the optical element 2. In this
embodiment tlexibility 1s provided by the oblong component
30 and the connecting parts 31 and 32. It should be pointed out
that the connecting parts 31, 32 should be bended as to obtain
an optimal distribution of forces. As a result an enclosed
somewhat oval shape 1s formed by anchor 12, the connecting,
parts 31 and 32 and the oblong connecting component 30.
Stopping elements 34, 35 can be included 1n the opening
formed by 12, 30, 31 and 32. These stopping elements provide
a similar function to the stoppers 16,17 presented 1n FI1G. 2. It
1s evident that the intraocular lens according to the invention
1s composed of two optical elements which are mutually
rotated over an angle of 180° 1n accordance with the configu-
ration presented 1n FIG. 1.

It 1s shown above that adjustment can take place between
the optical elements and the ngid connecting elements, but
the adjustment function can also be incorporated between the
rigid connecting component and the anchor or between the
optical element and the flexible connecting eclement or
between the flexible connecting element and the attached
anchor. A combination of all these measures 1s also an option.

It 1s evident that also other configurations can be applied
other than the presented configurations with a number of
notches and protuberances. For example, parts of various
length can be added to replace rigid or flexible connecting
components.

Generally speaking it should be evident that combinations
can be applied of the measures of the various embodiments
described above. It 1s also possible to deviate from the
embodiments described without violation of the protection of
this 1nvention.

The mvention claimed 1s:
1. An intraocular artificial lens of variable optical power,
comprising:
two optical elements which are shiftable mutually 1n a
direction perpendicular to an optical axis of said
intraocular artificial lens, wherein the optical elements
have such a shape that together they form a single lens,
having different optical powers at different relative posi-
tions,
driving mechanism including two mainly rigid connecting,
components each having a first side which 1s connected
to an optical element for driving at least one of the
optical elements for executing a movement relatively to
the other optical element, and
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positioning mechanism for positioning each optical ele-
ment 1n an eye, including two flexible connecting com-
ponents each having a first side which 1s connected to
cach optical element at one end of said optical element
that 1s opposite the rigid connecting component,

wherein the driving mechanism 1s adapted to be connected
to parts of the eye moving in tandem with a ciliary
muscle of said eye;

wherein each positioning mechanism 1s adapted to urge
cach optical element to a resting position when each
driving mechanism 1s 1nactive,

wherein the two optical elements comprise an anterior
optical element positioned over a posterior optical ele-
ment, wherein the rigid connecting component of the
anterior optical element 1s positioned over the flexible
connecting component of the posterior optical element,
and the flexible connecting component of the anterior
optical element 1s positioned over the rigid connecting
component of the anterior optical element, and

10

15

wherein each flexible connecting component comprises an 20

(2-shaped structure.
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